Arterial lines with three-way taps are used to measure blood pressure and aspirate blood, and are a potential source of catheter-related sepsis.
Intra-arterial lines are now used in most intensive care units for both continuous blood pressure monitoring and to allow easy access for repetitive blood sampling. The latter usually involves aspirating blood via a three-way tap and thus the question of contamination risk to the patient arises.
Some basic questions may be asked. 1. Do these taps become contaminated with bacteria? 2. If so, what factors are important in this contamination? 3. Is contamination of the three-way tap a cause of bacteraemia and significant morbidity, and if so does the risk outweigh the benefits? 4. How often should the infusion lines be changed to minimize the risk? Invasive catheters are associated with the risk of catheter-related sepsis, i.e. bacteraemia caused by the presence of a catheter. Early work on the pathogenesis of catheter-related sepsis implicated the migration of bacteria from the normal skin microflora extraluminally down the exterior surface of the catheter [1] [2] [3] [4] [5] . More recently attention has centred on intraluminal spread from proximal sections of the catheter, namely the catheter hub and various entry ports and taps. Typing of Staphylococcus epidermidis known to cause catheter-related sepsis has implicated strains identical to those found in the catheter hub, and not on the skin, thus suggesting intraluminal spread 6, 7 . A number of researchers have since explored the level of contamination in the proximal segments of catheters [8] [9] [10] [11] [12] and several have proposed improved techniques or equipment to minimize the risk of sepsis 13, 14 .
While studies on catheter-related sepsis in venous catheters have moved to focus on hub and stopcock contamination and advances in technology in response to these findings have been made, little has been reported on the contamination of three-way taps and entry ports of arterial lines. The aim of the present study was to look at the various factors which influence the growth of bacteria in the three-way sampling tap on arterial lines.
METHODS
This study was carried out in a fourteen-bed intensive care unit with a mixture of general, paediatric, and post-cardiac surgery patients. As the study was simply an infection control audit and no associated changes in patient management occurred, ethical approval was not required.
The intra-arterial set-up employed used one of a number of intravascular cannulae attached to a tubing set (Baxter PX260, supplied by Baxter NZ) with the sampling port (three-way tap) halfway between the cannula connection and the transducer. A heparinized saline solution was kept pressurized to 300 mmHg and a 3 ml/h infusion run continuously. The line was also flushed with heparinized saline solution after every blood sample. The line down to the connection with the arterial cannula was changed weekly, but the arterial cannula was not changed unless a problem occurred, e.g. blockage, infected entry site or cannula thought to be possibly related to systemic infection.
Samples were taken twice in the first 24 hours after a new line was inserted and once a day thereafter. The swabs used were small cotton ENT swabs (Transwab Medical Wire & Equipment Co. Ltd, Cosham, Wilts, U.K.), and the growth media was Columbia sheep blood agar (Fort Richard Laboratories Ltd). The sampling procedure used was an adaptation of the nursing protocol for removal of blood samples from the arterial line. Using latex examination gloves, the entry port cap was removed and placed on a sterile paper guard, and the exterior of the port cleaned with an alcohol swab, before the sample was taken. The technique was kept standard, with 10 to 20 revolutions of the cotton swab within the port, ensuring the entire port was swabbed and the entire swab was covered. The swab was then applied to a blood agar plate in a fashion designed to ensure complete coverage of the agar with the swab. The outer portion of the port was then reswabbed with alcohol, and the cap replaced. The plate was marked with the line identification number, and placed in a 32°C incubator for 48 hours. Growth was checked every 24 hours, and those showing any colony formation were given to the laboratory for identification.
As a control on the technique, ten sterile three-way taps were swabbed using the same technique as for the experimental lines, but using sterile saline to moisten the port when swabbing. Any growth after 48 hours was noted and colonized plates were given to the laboratory for identification.
Colony growth on the agar plates was reported by the laboratory as scanty (0 to 10 colonies), light (10 to 25), moderate (25 to 50), or heavy (>50) growth, To allow for the possible contamination of the agar plates with environmental micro-organisms during the swabbing process, growth was only considered significant if it was light, moderate, or heavy. This is in line with the assessment of significant growth accepted by Maki et al 17 and Brun-Buisson et al 18 , where greater than 15 colonies was considered significant.
To keep a record of the number of times the line was accessed at the entry port, the nurse on duty placed a tick on a form whenever a blood sample was taken. Further information about the patient was also recorded including the results of any blood cultures taken for suspected bacteraemias. The hourly manipulation rate was calculated for each day (number of manipulations over the day divided by 24). For further analysis the lines were grouped into two sets of manipulation rates, either low (0-0.3 per hour) or high (>0.3 per hour). Analysis of the results was carried out using the NCSS 6.0.21 (NCSS, Kaysville, Utah) proprietary statistical computer program. Linear correlation between time and number of manipulations was quantified by Pearson's correlation coefficient (r). The categorical data (number of patients contaminated, against duration group and manipulation rate group) was compared using the Chi-squared test (P<0.05 was considered significant).
RESULTS
During the seven weeks of the study, 118 lines were sampled, 48 of which were from 46 post-cardiac surgery patients, and the remaining 70 lines were from 52 general intensive care patients.
The control plates showed minor growth on three out of twelve plates, with a maximum of four colonies, indicating probable contamination during the sampling process.
An overall contamination rate of 24.6% (29/118) was found, of which 8.5% were light, 8.5% moderate, and 7.6% heavy growth. Only one contaminated line came from a post-cardiac surgical patient, the remainder from the general intensive care population.
The principal contaminating organism was coagulase-negative staphylococcus. Sixteen of the 29 cases grew coagulase-negative staphylococcus alone, and 7 grew coagulase-negative staphylococcus in conjunction with other organisms, including 5 with nonhaemolytic streptococcal species, 1 coliform, and 1 diptheroid. Streptococcal species were also isolated as pure cultures from the remaining six lines.
The length of time that the lines remained in situ varied from 2 to 326 hours (mean=54.2, median=26), with the total number of manipulations ranging from 1 to 123 (mean=20.6, median=13). Figure 1 shows an apparent relationship between the total number of manipulations a line received and the percentage of these lines that were contaminated. Figure 2 shows a similar pattern of correlation between the length of time a line was inserted and the percentage of these lines that were contaminated.
Further study showed a strong correlation between the time a line was in and the total number of manipulations performed (r=0.89), suggesting that time may have been a confounding factor in the results demonstrated in Figure 1 . To compensate for the effect of time in the analysis of the number of applications, the effect of the manipulation rate on significant growth was examined. The overall manipulation rates varied from 0.068 to 1.08 manipulations per hour (mean=0.46, median=0.44). Table 1 shows that the percentage of lines contaminated increases with time. However the percentage of lines which became contaminated within each time segment is almost identical when comparing the low manipulation rate group with the high manipulation rate group.
In those lines which showed significant growth, the number of manipulations until the first growth was also calculated. Figure 3 indicates the large spread of values for the number of pregrowth manipulations, and supports the results in Table 1 .
The effect of the contamination of the three-way taps on the incidence of positive blood cultures was checked by collecting results from all blood cultures taken during the study. In the 29 patients who grew bacteria from a three-way tap, 15 had blood cultures taken. Only three had a positive peripheral blood culture during the study, and none had the same organism as found on the three-way tap. The remaining 12 patients all had negative blood cultures, despite the presence of organisms in their arterial lines, sometimes with heavy growth.
DISCUSSION
A significant proportion of three-way taps on arterial lines become contaminated with bacteria. The overall proportion of contaminated lines increased with time (P=0.028), Chi-squared test), but did not differ significantly between low and high manipulation rate groups (P=0.81, Chisquared test). This was shown in an earlier study demonstrating a 17% contamination rate 15 , and confirmed in our study which showed a three-way tap contamination of 24.6%.
Intuitively it would seem likely that the more a three-way tap is accessed the more likely contamination will occur. In 1996, Tebbs et al 16 , looking at both intravenous and arterial lines, thought there was a marked correlation between the amount of contamination and the number of times the entry port three-way tap was manipulated. This at first sight looked likely to be proven in our study. However further analysis of manipulations per unit time indicated that when divided into groups with low and high manipulation rates, there was no significant difference in the incidence of contamination. This was supported by the apparently random occurrence of contamination when related to the number of manipulations as seen in Figure 3 . These results must of course be interpreted taking into account the specific context of our study, i.e. infusion lines were changed weekly and a standard sterile technique was used for all manipulations.
We did find, however, that the time a three-way tap was in situ significantly correlated with increasing contamination. Reasons are likely to multifactorial. 1. The first introduction of the organism has to occur and will probably depend on many variables e.g. skin flora, the sterile technique of sampling (most of the organisms were coagulase-negative staphylococcus in this study). 2. The organism will take time to multiply once the tap is contaminated. 3. The growth may be affected by the withdrawal of antibiotic laden blood through the tap. It is possible that this factor could negate any tendency to an increase in contamination with number of manipulations, although the preponderance of coagulase-negative staphylococcus contamination and the lack of antibiotics active against this organism in our study would suggest otherwise. This study did not address any of these other factors which may cause an increase in contamination of the three-way tap with time. All we are able to conclude is that the incidence of contamination was not related to the manipulation rate, but did increase with time.
Also there was no evidence that contamination of the three-way tap resulted in bacteraemia. There were three positive blood cultures and the organisms were unrelated to those found in the contaminated tap. It is possible that three-way taps on arterial lines are less likely to allow organism entry to the blood because the arterial blood pressure is always tending to push the blood to the exterior during manipulations. Also the subsequent saline flushing when clearing the tap of blood, is always outwards.
In conclusion, in this study the incidence of contamination of three-way taps was significant. The manipulation rates of the arterial three-way taps were not related to the incidence of the bacterial contamination. However the three-way taps became increasingly contaminated with time and possible factors are discussed. Using the described access technique and with a weekly change of the infusion line (including the three-way tap), the positive blood cultures which occurred were unrelated to the organisms contaminating the three-way taps. Thus there appeared to be no significant morbidity and no apparent reason the change to more frequent infusion line changes.
